The aim of this study was to analyse technical efficiency and productivity changes in field crop farms in Lublin province. The assessment of technical, pure and scale efficiency of those farms during 2014-2016 was performed applying non-parametric method of Data Envelopment Analysis (DEA). The Malmquist indices were used to measure the efficiency and productivity changes. The field crop farms based on their economic size were divided into small, medium and large. The study showed that mean technical efficiency of small farms was 83 %, medium −81 % and large − 94 %. Technical inefficiency in Lublin region occurred due to pure technical efficiency rather than scale efficiency. It means that inefficient management practices had an impact on farm performance. Therefore, in order to increase competitiveness of Polish crop field farms, it is important to improve management practices. In the studied period the share of farms operating under increasing return to scale decreases with the growth of farm size. The improvement of efficiency of those farms could be achieved by increasing their size. The result indicates that 4 % of small, 14 % of medium and 9 % of large farms were operating under a decreasing scale efficiency, which means that those farms were operating above their optimal scale and could, therefore, increase their efficiency through size reduction. In all the farms, the average annual productivity changes were below 1. The decrease was mainly due to a technological detrition of 5, 6 and 38 % respectively for large, small and medium farms.
Introduction
Measuring efficiency has become a key indicator to control and plan production. The Data Envelopment Analysis (DEA) is a non-parametric method for measuring and evaluating performance of peer decision making units (DMUs) compared to the best practice frontier (Toma et al., 2015) . Since the first development by Charnes et al. in 1978 , the method has been extensively used by researchers in different sectors (Charnes et al., 1978; Sueyoshi et al., 2017 ).
The agriculture is one of the sectors were DEA is frequently used for computing efficiency (Odeck, 2009 , Vasiliev et al., 2008 , Toma et al., 2017 . The DEA has two different orientations: input and output (Charnes et al., 1978) . The objective of input orientation model is to minimize inputs, whereas output remains at the same level. In the output oriented model, the objective is to increase outputs with constant input (Malana and Malano, 2006) . Toma et al. (2015) stated that input-orientated model is more appropriate for agriculture because it depends on limited inputs. Also, in production system farmers have more control over input rather than output (Syp et al., 2015) . Fogarasi and Latruffe (2009) in their research applied an output-oriented model because they assumed it is easier for farmers to modify their final outputs than the amount of inputs. However, Coelli et al. (2005) stated that both models produce similar results and thus the choice of orientation is not important. In addition, DEA allows to evaluate under which returns scale each farm operates: constant (CRS), decreasing (DRS) or increasing (IRS) return to scale.
The aim of the present study was to evaluate the influence of farm size on field crop farms performance in Lublin province in the years 2014-2016. The studies proceeded in three steps. In the first phase, the analysis of efficiency was performed by using technical, pure technical and scale efficiency. Next, farms' scale operation was assessed. Finally, the productivity changes were calculated by applying Malmquist productivity indices.
The authors have chosen this voivodship for their study because the utilized agricultural area (UAA) of this province accounts for about 10 % of the country's UAA, which places this voivodship on the 3 rd place in the ranking of Polish voivodships (CSO, 2017 ). An average farm size in the analysed province is 9.1 ha, while in Poland − 11.5 ha (CSO, 2017). In 2016, it was the second province in terms of the number of applicants submitted for payments, third in the declared area in ha, and payments under the single area payment and greening were of 9.8 % national payments in the frame of Common Agricultural Policy (CAP). Several papers have analysed efficiency and productivity of Polish farms. However, most of them applied simple standard efficiency indicators.
According to authors' knowledge, this is the first study in Poland that has estimated the field crop farms efficiency and productivity in Lublin voivodship based on their economic size using DEA models.
DEA uses linear programing to construct the efficient frontier with the best performing observations over the data applied and calculates efficiency measures relative to this frontier (Charnes et al. 1978) . The distance from a farm to frontier provides a measure of its efficiency.
Efficiency (total, pure and scale) scores get values between 0 and 1. The fully efficient farm receives score 1 (i.e. on the frontier) and a larger score presents a higher efficiency. The score lower than 1 points out to what level of inputs could be reduced and still produce the same quantity of output. A farm technical efficiency (TE) score was calculated under the assumption of CRS. The TE was divided into two scores: pure technical efficiency (PTE) and scale efficiency (SE).
PTE was estimated under VRS and referred to management practices. While SE was the ratio between TE and PTE, and presented the potential scale economies accessible to the farm. In addition to the evaluation of farms' technical efficiency, their productivity was assessed using
Malmquist productivity indices (Caves et al., 1982) . The Malmquist total productivity index (TFP) was divided into: the technological change index (TC), which evaluated shift of the frontier over time, and TE change index which evaluated changes in TE efficiency (Fare et al., 1992) . Next, TE change index was decomposed into change of PTE and SE. Indices equal to 1 indicated no change, whereas indices greater or lower than 1, respectively progress or regress. The average change indices were calculated as geometrical means. The DEAP software was applied to measure the efficiency and productivity of field crop farms. Some descriptive statistics for inputs and outputs used are presented in Table 1 . Research results and discussion (Table 4) . These show that the mean potential for input savings among large farm owners was only about 6 %. The TE of large farms was the lowest in 2014
and has increased in the subsequent years. The opposite tendency occurred in small farms (Table 2) . Despite this fact, the average TE of small farms in the studied period was higher than average TE of medium farms (Table 2- 
Conclusions, proposals, recommendations
1) The FADN database allows to apply homogenous variables and indicators across countries and over time to conduct analysis of farms' performance.
2) This study was the first which provided efficiency and productivity estimates for field crop farms in Lublin region during 2014-2016. All scores for this region are in line with those obtained by the previous studies.
3) The arable farms in Lublin region are located on high quality soil which resulted in higher efficiency and productivity scores.
4) The efficiency estimates in Lublin region showed that technical inefficiency is mainly caused by pure technical inefficiency rather than scale efficiency. It means that inefficient management practices had a great impact on farm performance. Therefore, in order to increase competitiveness of Polish crop field farms, it is important to improve management practices.
5) All farms during 2014-2016 recorded decrease in productivity change. The medium farms had the highest reduction (-2.1 %) whereas the small ones had the lowest (-0.01 %). In all groups of farms, those changes were due to technological regress.
6) This paper contributes to knowledge about the efficiency and productivity of Polish crop field farms and to the literature on efficiency and productivity changes.
